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VLWXDWLRQZKHQHOHFWULFLW\ELOOVDUHRQO\DYDLODEOHPRQWKO\7KXVVPDUWPHWHULQJSURYLGHV WKHRSSRUWXQLW\IRUHDFK
KRXVHKROGWRUHFHLYHRQOLQHIHHGEDFNRQWKHHOHFWULFLW\FRQVXPSWLRQDQGDQDO\VHGDWDDUFKLYHLQYDULRXVWLPHIUDPHV
9DULRXV UHVHDUFKHUV KDYH VKRZQ WKDW WKH LQWURGXFWLRQ RI VPDUW PHWHULQJ JLYHV WKH UHGXFWLRQ RI HOHFWULFLW\
FRQVXPSWLRQ)RUH[DPSOH/DLFDQHHWDO>@VKRZHOHFWULFLW\FRQVXPSWLRQVDYLQJVDWE\LQKRXVHKROGV
XVLQJVPDUWHOHFWULFLW\PHWHUV%DVHGRQWKHREWDLQHGGDWDIURPDVPDUWPHWHULQJSURMHFW/DLFDQHHWDO>@FRQVWUXFWHG
WKHPRGHOIRUHOHFWULFLW\XVHPRGHOOLQJLQKRXVHKROGVDQGFRQFOXGHGWKDWWKHEHKDYLRXUDODVSHFWVRIWKHHOHFWULFLW\XVH
VKRXOGEHVWXGLHGLQRUGHUWRLQFUHDVHWKHPRGHO¶VSHUIRUPDQFH$OVRWKHVWXG\E\6FKXOW]HWDO>@FRQFOXGHGWKDW
IHHGEDFNLWVHOILVQRWVXIILFLHQWWRUHGXFHHQHUJ\FRQVXPSWLRQLQWKHORQJHUWHUPWKXVWKHEHKDYLRXUDODVSHFWVRQWKH
XVHUVVKRXOGEHWDNHQLQWRDFFRXQW-RDFKDLQDQG.ORSIHUW>@FDPHWRWKHVDPHFRQFOXVLRQWKDWIHHGEDFNRQHQHUJ\
FRQVXPSWLRQVKRXOGEHFRXSOHGZLWKWRROVIRUFRQVXPHUPRWLYDWLRQ7KHVWXG\E\.ULVKQDPXUWLHWDO>@DOVRVKRZHG
WKDW VRFLDO DFFHSWDQFHRI VPDUWPHWHUV LV KLJKEXW WKH H[SHFWDWLRQVRI WKH VPDUWPHWHUVZKHUH LPPHGLDWH HQHUJ\
VDYLQJVWKXVWKHFDUHIXOO\SODQQHGSROLF\VKRXOGEHXVHGWRKHOSKRXVHKROGVWRDFKLHYHWKHGHVLUHGVDYLQJ
7KHUHVHDUFKE\$QGDDQG7HPPHQ>@SURSRVHGWRXVHFRPPXQLW\DZDUHQHVVDQGEHKDYLRXUFKDQJHSURJUDPVWR
UHDFK WKH DLP RXWOLQHG IRU VPDUWPHWHULQJ LQWURGXFWLRQ'¶2FD HW DO >@ VKRZHG WKDW E\ SURYLGLQJ WKH FRUUHFWO\
WDUJHWHGLQIRUPDWLRQHQHUJ\VDYLQJLQKRXVHKROGVZLWKVPDUWPHWHULQJUHDFKHGDVKLJKDVZLWKDQDYHUDJHRI
LQVWHDGRIWKHSUHYLRXVO\H[SHFWHG
:H FDQ REVHUYH WKDW WKH VPDUW PHWHULQJ SURMHFWV DUH LQFUHDVLQJO\ LQWHJUDWLQJ WKH VRFLDO DVSHFWV RI FRQVXPHU
EHKDYLRXUVLQFHIHHGEDFNRQLWVRZQKDVRQO\DVKRUWWHUPHIIHFW&XUUHQWO\WKHUHVHDUFKLVIRFXVHGRQYDULRXVSROLFLHV
DQGSURJUDPVWRWDUJHWKRXVHKROGVEXWDFFRUGLQJWRWKHDXWKRUV¶NQRZOHGJHWKHUHDUHQRVWXGLHVGRQHLQWKHDWWHPSW
WRPRGHOKRXVHKROGEHKDYLRXUDQGHOHFWULFLW\VDYLQJVLQDKROLVWLFDQGG\QDPLFZD\7KHUHIRUHWKHPDLQDLPRIWKLV
UHVHDUFKLVWRRXWOLQHWKHIUDPHZRUNIRUWKHFRQVWUXFWLRQRIWKLVPRGHO
,QWKLVVWXG\WKH*RDO)UDPHWKHRU\E\/LQGHQEHUJ	6WHJ>@LVXVHGWRPRGHOWKHEHKDYLRXURIKRXVHKROGV7KH
UROHRIJRDOVZDVVWXGLHGE\6WHJHWDOWRHQFRXUDJHSURHQYLURQPHQWDOEHKDYLRXU>@DQGWRVWXG\WKHVXVWDLQDEOH
HQHUJ\EHKDYLRXU>@7KH*RDO)UDPHWKHRU\FDQEHDSSOLHGZLGHO\±WRVWXG\WKHJHQHUDOYDOXHVRIKXPDQVRUWR
VWXG\ VSHFLILF YDOXHV LQ VSHFLILF VLWXDWLRQV IRU H[DPSOH ZKHQ VHOHFWLQJ IRRG VKRZHULQJ WLPH RU DXWRPRELOH
SUHIHUHQFHV>@
$VIDUDVWKHDXWKRUV¶KDYHEHHQDEOHWRGHWHUPLQHWKLVLVWKHILUVWDWWHPSWWRLQFOXGHWKH*RDO)UDPHWKHRU\ZLWKLQ
DV\VWHPG\QDPLFVPRGHO7KLVVWXG\LVWKHFRQWLQXDWLRQRIWKHUHVHDUFKE\DXWKRUV>@ZKHUHZHVKRZHGKLJKHU
HOHFWULFLW\VDYLQJVIRUKRXVHKROGVXVLQJVPDUWPHWHULQJ±RQDYHUDJHKLJKHUHOHFWULFLW\VDYLQJVWKDQLQWKHFRQWURO
JURXSZLWKRXWVPDUWPHWHULQJDQGWKHVHILQGLQJVZKHUHDERYHWKHUDQJHRISUHYLRXVO\FRQGXFWHGVWXGLHVRQVPDUW
PHWHULQJSLORWSURMHFWV:HSUHVHQW WKLV UHVHDUFK LQRUGHU WR H[SODLQ WKHVH HOHFWULFLW\ VDYLQJVE\EULQJLQJ WR OLJKW
RXWOLQLQJFDXVHV±LQFOXGLQJWKHKRXVHKROGV¶EHKDYLRXU:LWKWKLVPRGHOQRWRQO\WKHUHWURVSHFWLYHVLWXDWLRQVFRXOGEH
DQDO\VHGE\DOVRWKHIXWXUHVDYLQJVRISROLF\RUSURJUDPV
0DWHULDOVDQGPHWKRGV
7KHPHWKRGRORJ\FRPELQHVDQHPSLULFDOVWXG\ZLWKV\VWHPG\QDPLFVPRGHOOLQJDQGLVGHYHORSHGE\WKHFRDXWKRUV
RIWKLV>@7KHPHWKRGRORJ\LVPRGLILHGWRPRGHOWKHFKDQJHVLQKRXVHKROGV¶EHKDYLRXUDQGHOHFWULFLW\XVHSDWWHUQV
XQGHUWKHYDULRXVSROLF\WRROV
)RUWKHGHVLJQRIVWXG\JURXSDTXDVLH[SHULPHQWDOGHVLJQZDVXVHGZLWKKRXVHKROGVLQDWDUJHWJURXSZLWK
VPDUWPHWHUVDQG±LQDFRQWUROJURXSZLWKRXWVPDUWPHWHUV%RWKJURXSVZHUHHTXDOO\VSOLWEDVHGRQHOHFWULFLW\
FRQVXPSWLRQEHORZDQGDERYHN:KSHUPRQWKJLYHQLQPRUHGHWDLO>@
7RVWXG\WKHKRXVHKROGV¶EHKDYLRXUWKH*RDOIUDPHWKHRU\E\/LQGHQEHUJ	6WHJ>@LVXVHG7KLVWKHRU\H[SODLQV
WKHPRWLYDWLRQEHKLQGWKHKRXVHKROGV¶FKRLFHEDVHGRQWKUHHJXLGLQJSULQFLSOHVRUJRDOIUDPHVJDLQQRUPDWLYHDQG
KHGRQLF,QWKHFDVHRIJDLQJRDOWKHKRXVHKROGVZRXOGVDYHWKHHOHFWULFLW\EHFDXVHLWVDYHVPRQH\,QWKHFDVHRI
QRUPDWLYH JRDO WKH VDYLQJV FRXOG EH H[SODLQHG E\ VRFLDO SUHVVXUH RU HQYLURQPHQWDO DZDUHQHVV$QG ILQDOO\ WKH
KHGRQLFJRDOZRXOGEHDFWLYDWHGLQWKHFDVHWKDWVDYLQJHQHUJ\EULQJVMR\IRUH[DPSOHWKHFRPPRGLWLHVZLWKKLJKHU
HQHUJ\HIILFLHQF\DUHPRUHXVHUIULHQGO\7RDVVHVVIRFDODQGEDFNJURXQGJRDOIUDPHVWKHVXUYH\ZDVXVHGZLWKWKH
FRUUHVSRQGLQJYDOXHVWRHDFKJRDOIUDPH/DWHUWKHREWDLQHGUHVXOWVDUHDQDO\VHGDQGXVHGLQWKHPRGHOOLQJ
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7KHVXUYH\GDWDZDVSURFHVVHGZLWKWKHVWDWLVWLFDODQDO\VLVWRROVDQGXQGHUJRHVIDFWRUDQDO\VLV LWHPUHOLDELOLW\
DQDO\VLVDQGORJLVWLFUHJUHVVLRQDQDO\VLVIRUPRUHGHWDLOVVHH9ƯJDQWVHWDO>@7KHVHVWDWLVWLFDODQDO\VLVWRROVDUH
XVHGWRFRQYHUWGDWDIURPWKHVXUYH\WRPDWKHPDWLFDOPRGHOVIHHGWRWKHV\VWHPG\QDPLFVPRGHO
$IWHUWKHVWDWLVWLFDOPRGHOVDUHREWDLQHGWKHUHDUHLQWHJUDWHGZLWKLQWKHVWUXFWXUHRIV\VWHPG\QDPLFVPRGHO6\VWHP
G\QDPLFV PHWKRGRORJ\ LV FRPSUHKHQVLYH PRGHOOLQJ WRROV GHDOLQJ ZLWK FRPSOH[ V\VWHPV KDYLQJ GHOD\V QRQ
OLQHDULWLHV DQG IHHGEDFNV 7KLVPHWKRGRORJ\ZDV LQWURGXFHG E\ )RUUHVWHU >@ DQG DOORZV RXWOLQLQJ WKH UHODWLRQV
EHWZHHQSK\VLFDODFWLYLWLHVLQIRUPDWLRQIORZVDQGSROLF\PHDVXUHV7KHV\VWHPG\QDPLFVPRGHOZLWKWKHJRDOIUDPH
WKHRU\LVWKHPDLQSDUWRIWKHSURSRVHGPRGHOOLQJIUDPHZRUN
5HVXOWVDQGGLVFXVVLRQ
7KHUHVXOWVRIHOHFWULFLW\FRQVXPSWLRQFKDQJHVLQWKHWDUJHWDQGFRQWUROJURXSVDUHJLYHQLQ)LJ


)LJ7KHFRPSDULVRQRIHOHFWULFLW\FRQVXPSWLRQFKDQJHVEHWZHHQWKHWDUJHWDQGFRQWUROJURXSV*FRQVXPSWLRQJURXSN:KPRQWK*
N:KPRQWK*N:KPRQWK*N:KPRQWK*N:KPRQWKDQG*!N:KPRQWK
GDWDDYDLODEOHIRUWKHILUVWPRQWKVRIDQGWKHUHIRUHFRPSDUHGWRWKHFRUUHVSRQGLQJPRQWKV
$VFDQEHVHHQIURP)LJWKHHOHFWULFLW\FRQVXPSWLRQZDVFRQVLGHUDEO\UHGXFHGLQWKHWDUJHWJURXSLQFRPSDULVRQ
ZLWKWKHFRQWUROJURXS7KHUHGXFWLRQDOVRKDGWKHWHQGHQF\WREHKLJKHUIRUKLJKHUHQHUJ\FRQVXPSWLRQJURXSV,Q
WKH\HDULQWKHFRPSDULVRQWRWKHUHGXFWLRQVLQWDUJHWJURXSGHFOLQHGDQGWZRFRQVXPSWLRQJURXSVDOVR
VKRZHGDQLQFUHDVHLQWKHHOHFWULFLW\FRQVXPSWLRQ
7KHRSSRVLWHWUHQGVDUHDOVRJLYHQIRUWDUJHWDQGFRQWUROJURXSVDQGZKHUHWKHWDUJHWJURXSUHGXFHGHQHUJ\
FRQVXPSWLRQEXWWKHFRQWUROJURXSLQFUHDVHG$OVRLWVKRXOGEHQRWHGWKDWWKHHOHFWULFLW\UHGXFWLRQFRUULGRUZDVQRW
DVZLGHDVLQWKHSUHYLRXVSHULRG
7KHH[SODQDWLRQIRUWKHVHWUHQGVFDQEHYDULRXV)LUVWO\WKHHFRQRP\RI/DWYLDLVJURZLQJDQGWKXVWKHDYHUDJH
LQFRPHRIKRXVHKROGV LV LQFUHDVLQJ$YHUDJHZDJHVDQGVDODULHVJUHZE\LQ WKHSHULRG±>@
6HFRQGO\WKHUHERXQGHIIHFWRIWKHVDYLQJLQWKHILUVW\HDUSUREDEO\WRRNSODFH$QGILQDOO\WKHIHHGEDFNIURPWKH
VPDUWPHWHUKDVXVXDOO\RQO\DVKRUWWHUPHIIHFWDVDOVRGLVFXVVHGE\6FKXOW]HWDO>@
$QG LQ WKH \HDU  ILUVW PRQWKV LQ FRPSDULVRQ WR  ILUVW PRQWKV WKH HQHUJ\ XVH GHFOLQHG LQ DOO
KRXVHKROGVHVSHFLDOO\LQWKHKLJKHUFRQVXPSWLRQJURXSDQGORZHUFRQVXPSWLRQJURXS7KHSRVVLEOHH[SODQDWLRQ
LVWKHRSHQLQJRIDIUHHHOHFWULFLW\PDUNHWRQVWRI-DQXDU\ZKLFKLQFUHDVHGWKHSULFHRIHOHFWULFLW\LQKRXVHKROGV
7RPRGHOWKHEHKDYLRXUDVSHFWVRIWKHFRQVXPSWLRQFKDQJHVWKHUHVXOWVIURPWKHVXUYH\RQYDOXHVIRUJRDOIUDPH
WKHRU\DUHJLYHQLQ)LJ




* * * * * * * * * * * * * * * * * *
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
)LJ%UHDNGRZQRIYDOXHVIRUJRDOIUDPHWKHRU\IRUWKHWDUJHWDQGFRQWUROJURXSVFRPELQHG'DWDREWDLQHGE\WKHVXUYH\IURP-XO\6HSWHPEHU
9DOXHVDUHJLYHQRQDVFDOHRIZKHUH±YDOXHRIVXSUHPHLPSRUWDQFH±YDOXHQRWDWDOOLPSRUWDQW1$±QRDQVZHU
$VWKHPRVWFRPPRQO\VWDWHGYDOXHVKRZVWREH³DZRUOGDWSHDFH´ZKLFKLVDQDOWUXLVWLFYDOXHWKHIROORZLQJDUH
KHGRQLFYDOXHV³VHOILQGXOJHQW´DQGWZRELRVSKHULFDOYDOXHVGHVFULELQJHQYLURQPHQWDODZDUHQHVV7KHVHYDOXHVZLOO
EH PDWKHPDWLFDOO\ GHVFULEHG IRU HDFK RI WKH KRXVHKROGV DQG FRXSOHG ZLWK WKH HOHFWULFLW\ FRQVXPSWLRQ LQ WKH
FRUUHVSRQGLQJKRXVHKROG7KXVJLYLQJLQVLGHLQWRZKDWDUHWKHVWDWLVWLFDOO\VLJQLILFDQWPRWLYDWLRQVIRUWKHEHKDYLRXUDO
FKDQJHLQHOHFWULFLW\XVHLQKRXVHKROGV
$IWHUWKHPRGHOZLOOEHGHYHORSHGDQGYDOLGDWHGYDULRXVSROLF\WRROVFRXOGEHWHVWHGWRVWLPXODWHHQHUJ\VDYLQJV
&RQFOXVLRQ
7KHIUDPHZRUNLVSUHVHQWHGWRPRGHOKRXVHKROG¶VEHKDYLRXUDQGHOHFWULFLW\VDYLQJVLQDKROLVWLFDQGG\QDPLFZD\
6LQFHWKHIHHGEDFNIURPVPDUWPHWHUVLWVHOIKDVRQO\DVKRUWWHUPHIIHFWZHSURSRVHWRLQWHJUDWHVRFLDODVSHFWVRIWKH
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